of permanent measurements of 7 Be, 137 Cs, 54 Mn, and 60 Co activity concentration in the ground-level air and deposition in the region of the Ignalina Nuclear Power Plant (INPP) in 2002 -2005 are presented. The activity concentrations of 60 Co in the ground-level air and deposition are analyzed and compared using a model of local transport based on semiempirical formulas and the Hybrid Single-Particle Lagrangian Integrated Trajectory (HYSPLIT) model of the global dispersion and deposition. Results of modelling are used for the determination of 60 Co activity distribution in the air and deposition in the Ignalina NPP region. The solubility in water of the aerosol-carriers of radionuclides in the ground-level air is investigated. It is shown that modelling results may be improved using different washout rates for water-soluble and insoluble radionuclides. The backward trajectories of air masses transport calculated using a HYSPLIT model show the Chernobyl NPP accident polluted area to be an additional source of 137 Cs in the INPP region.
Introduction
Determining the unknown sources of radionuclides found in objects of the environment (air, deposition, etc.) is still a problem. The development of mathematical models, based on the results of the worldwide system of radioecological monitoring, using artificial radionuclides as tracers of air masses, can help much in solving this problem [1] .
Part of radionuclides produced in fission, corrosion, and activation processes ( 137 Cs, 54 Mn, 60 Co, etc.) in the Ignalina Nuclear Power Plant (INPP) technological systems permeate through technological barriers, are emitted through the 150 m high ventilation stack into the air. Therefore, the INPP becomes a permanent source of radionuclides emitted into the atmosphere. Experimental results of measurements of radionuclide activity concentration in the ground-level air and deposition in the environment of the INPP can be used for comparing the reliability of different mathematical transport models determining the radionuclides source. 137 Cs can also be transported to the INPP region with air masses passing the Chernobyl NPP accident polluted regions [2] .
The aim of this study was to test the reliability of a Hybrid Single-Particle Lagrangian Integrated Trajectory (HYSPLIT) model of the global dispersion and deposition [3] to describe the distribution of radionuclides in the ground-level air and their deposition in the region of the Ignalina NPP by comparing experimental data with modelling results. The HYSPLIT model and a model of local transport based on semi-empirical formulas [4] were used. Besides, the possibility to apply the HYSPLIT model in determining the additional source of 137 Cs in the INPP region was shown.
Method
The air filtration equipment for continuous collection of aerosol-borne radionuclides is installed at the station of the Institute of Physics (PhI station) (E 26 • 35' 10.9", N 55 • 34' 54.9") 3.5 km south-east from the INPP (E 26 • 33' 29.4", N 55 • 36' 24.8"). The high airflow rate of 1800 m 3 /h through the perchlorvinyl Petrianov filters with the 0.7 m 2 area was used for aerosol sampling. Filters were pressed into pellets of stable geometry, and activities of radionuclides were measured by the gamma-spectrometry method.
Meteorological data (wind velocity, direction, and air temperature at the height of 2 and 40 metres) from the meteorological station of the Ignalina NPP and HYSPLIT archive data from the Air Resources Laboratory (the USA) web site [3, 5] , as well as emission rates of radionuclides through the INPP stack were used in modelling the radionuclide distribution in the groundlevel air and deposition in the Ignalina NPP region.
The solubility in water of radionuclide compounds of aerosol samples was investigated. The pellet of the pressed filter was mechanically ground to powder, and 250 ml of distilled water (pH ∼ = 7) was poured. After 18 h of extraction particles were separated using a "yellow ribbon" filter for medium-size deposits. Separated and dried up remainders of the pellet were pressed into the pellet of stable geometry. Filtrate was acidified with 2 ml of 6 M HNO 3 to avoid the radionuclide sorption on glass and evaporated to 10 ml volume on the electric stove. This solution was poured on polyethylene film and slowly evaporated by heating with the electric bulb. Film was wrapped up into a sheet of the Petrianov filter, and the pellet of stable geometry was pressed. The effect of the diluted hydrochloric acid (HCl) on pellets of "water-insoluble fraction" was also investigated to qualitatively evaluate the strength of radionuclide binding with aerosols. The pellet was mechanically chopped, and 250 ml of 0.1 M HCl (pH ∼ = 1, pure grade) was poured. After 18 h the extract was filtered, evaporated, and pressed into the pellet.
A snow sample was collected on 23 January -17 March 2005 from the 2 m 2 area near the PhI station. A rain sample was collected on 20 April -29 May 2005 from the sloping 10 m 2 surface (roof of the PhI station) into the 80 l bath inside the station.
A rapid precipitation method with the iron hydroxide was used to concentrate radionuclides [2, 6] . Particles in the melted snow or rain samples were separated using the 0.1 mm diameter pore filter. The filtrate was treated radiochemically by adding iron (III), cobalt (II), manganese (II) salts and ammonia and adjusting the pH value in solution to 9. Then the sample was well mixed, left to stay overnight, and deposits of metal hydroxides were separated (snow or rain). Samples obtained from all operations were pressed into pellets of stable geometry, and activities of radionuclides were measured by the gamma-spectrometry method. In accordance with [6, 7] the 137 Cs yield was about 20%. The iron amount in deposits was determined photometrically. The yield of iron deposits was calculated from the ratio between the standard iron amount added to the sample and that photometrically detected in deposits of metal hydrox-ides. As iron (III) salt was the main deposits agent, cobalt (II) and manganese (II) salts were added in much lower amounts, and yields of cobalt and manganese deposits were taken the same as the yield of iron deposits.
The total radionuclide activity concentration in deposition, Bq/m 2 , was calculated by summing the radionuclide activity of particles (> 0.1 mm diameter) and melted snow or rain filtrate activities and by normalizing the sample activity to the sampling surface area. The atmospheric precipitation amount fallen out during the sampling period was 120 mm in January -March and 150 mm in April -May 2005.
The ORTEC portable gamma spectrometer with the HPGe detector and SILENA multichannel analyzer were used to obtain energy spectra of radionuclides.
Results and discussion

Transport of radiocesium with air masses from the Chernobyl region
Results of permanent observations of 7 Be, 137 Cs, The activity concentration of 7 Be in the air varied in the range of 0.5−9.7 mBq/m 3 . The increase in concentrations of 7 Be was observed in early summer and autumn. Apparently, descending of the stratospheric air to the boundary layer caused distinct increases in 7 Be concentrations [8] .
Variations in the 137 Cs concentration probably depend on general global air mass mixing processes, the impact of the Ignalina NPP, and other potential distant sources. 137 Cs activity concentrations in the air were measured in the range of 0. These trajectories show that air masses came to the Ignalina region from the Chernobyl accident region causing the 137 Cs activity concentration increase in the ground-level air. The recurring coincidence of spasmodic increase in 137 Cs activity concentration in the air with transport of air masses from the Chernobyl region (registered earlier [9] ) shows that the possible source of radionuclides that reached the observation region can be determined using the HYSPLIT model.
Distribution of radionuclides emitted by the Ignalina NPP in the ground-level air
Activity concentrations of 60 Co and 54 Mn emitted from the Ignalina NPP stack into the ground-level air from January 2002 to April 2005 were registered to be in the range of 0.1−7.5 µBq/m 3 ( Table 1 ). The measurement error did not exceed 30%.
Activity concentrations of 60 Co emitted by the Ignalina NPP were analyzed using a local model based on semi-empirical formulas for turbulent movement in the atmosphere [4] and the HYSPLIT modelling system of the global dispersion and deposition [3] . Comparison of meteorological data (wind velocity and direction as well as air temperature at the height of 2 and 40 metres) from the meteorological station of the Ignalina NPP and HYSPLIT archive data from the Air Resources Laboratory web site [3, 5] for the period of 16-22 March 2003 is presented in Fig. 6 .
It is shown ( Fig. 6 ) that courses of meteorological data from the meteorological station of the Ignalina NPP and HYSPLIT archive data are quite similar. In three periods (48 to 64, 100 to 104, and 144 to 160 hours) the wind direction was from the Ignalina NPP to the PhI station. The 60 Co activity concentrations in the air for these periods were calculated using two models mentioned above (Fig. 7) . According to the modelling results the 60 Co activity concentration in the air for the PhI station on 16- Calculated 60 Co activity concentration in the ground-level air using a model of local transport was similar to its activity concentration measured in the aerosol sample. The HYSPLIT model underestimated 60 Co activity concentration in the air near the PhI station. Apparently, more measurements are needed in order to explain the disagreement between the HYS-PLIT model calculation data and the experimental results.
Radionuclide fractions in aerosol samples
Compounds of 137 Cs, 60 Co, and 54 Mn radionuclides in the Ignalina NPP ventilation stack were mainly water-soluble according to the investigation results of four aerosol samples, while in the ground-level air these radionuclides were found mostly in waterinsoluble fraction of aerosol samples [2] . In this paper the results of the investigation of aerosol solubility in water collected in 2004 -2005 are presented. Activity concentrations of radionuclides in watersoluble and insoluble fractions of aerosol samples, µBq/m 3 , and percentage quantity of radionuclides in water-insoluble fraction are given in Table 2 . The measurement error did not exceed 30%.
Referring to the results in Table 2 , only one fifth of 60 Co aerosol-carriers and one third of 137 Cs aerosolcarriers found in the aerosol filters dissolve in distilled water. 54 Mn was found in one sample in waterinsoluble form only.
After extracting water-insoluble fraction with 0.1 M HCl solution the 60 Co elution level was in the range of 12-31%, and that of 54 Mn was 11%. According to these preliminary results 137 Cs, 60 Co, and 54 Mn are mostly in water-insoluble aerosols in the ground-level air in the Ignalina NPP region. 60 Co and 54 Mn are strongly bound with aerosols, and 0.1 M HCl does not affect them significally.
Washout coefficients for water-soluble and insoluble fractions of radionuclides [2] were used for calculation of the distribution of the 60 Co radionuclide activity concentration in the ground-level air on 20-30 March 2004 ( Figs. 8 and 9 ) using a semi-empirical turbulent diffusion model [4] .
Results of calculation show that using a different washout rate for insoluble and soluble aerosol the experimental data can be explained. On the contrary, the continuation of the investigation on the solubility of aerosols in water enables us to correct existing washout rates and improve the model of local transport. Therefore, more investigations on aerosol solubility in water are needed.
Radionuclide activity concentrations in deposition
Activities of radionuclides in deposition samples, Bq, and their deposition densities, Bq/m 2 , are given in Table 3 . The yield of iron (III) hydroxide deposits was 75-76%. The measurement error did not exceed 30%.
60 Co and 137 Cs were detected in particles of more than 0.1 mm diameter size and in the solution of deposition. The ratio between 60 Co in particles and dissolved in the melted snow water was 1:5. The ratio between 137 Cs in particles and dissolved in the melted snow water and in the rain water was 1:7 and 1:10, respectively. 60 Co compounds were mostly concentrated in snow, however, in the rain sample 60 Co activity concentration was lower than the detection limit 0.05 Bq/m 2 .
Distribution of 60 Co activity concentrations, Bq/m 2 , in snow in the Ignalina NPP region on 23 January -17 March 2005, is presented in Fig. 10 .
Results of measurements of radionuclide activity concentrations in deposition at the PhI station enable us to evaluate radionuclide distribution in deposition in the Ignalina NPP region using a model of local transport. A study of the possibility of using the HYSPLIT model to describe the distribution of radionuclides in deposition in the INPP region is needed. 
Conclusions
It is shown that a model of local transport can be used to calculate activity concentrations of radionuclides in the ground-level air on a local scale and to calculate dispersion of radionuclides emitted through the Ignalina NPP stack. The HYSPLIT model of the global dispersion and deposition underestimates the radionuclide activity concentration in the ground-level air in the Ignalina NPP region. There is a necessity to carry out more investigations in order to evaluate the possibility of using the HYSPLIT model for the calculation of radionuclide activity concentration distribution in the ground-level air and deposition on a local scale. 60 Co and 54 Mn radionuclides in the Ignalina NPP ground-level air are mostly found in compounds with water-insoluble aerosols. Modelling results of radionuclide distribution in the INPP region may be improved by continuing investigations on their solubility in water.
It is shown that backward trajectories of air mass transport calculated using the HYSPLIT model can be used to explain the increase in 137 Cs activity concentrations in ground-level air higher than their variations caused by global processes and to determine the possible source of 137 Cs in the Ignalina NPP region.
